Purpose: Retinopathy of prematurity (ROP) causes childhood blindness globally in prematurely born infants. Although increased levels of oxygen supply lead to increased survival and reduced frequency of cerebral palsy, increased incidence of ROP is reported. Methods: With the help of a Swedish register for ROP, SWEDROP, national and regional incidences of ROP and frequencies of treatment were evaluated from 2008 to 2015 (n = 5734), as well as before and after targets of provided oxygen changed from 85-89% to 91-95% in 2014. Results: Retinopathy of prematurity (ROP) was found in 31.9% (1829/5734) of all infants with a gestational age (GA) of <31 weeks at birth and 5.7% of the infants (329/5734) had been treated for ROP. Analyses of the national data revealed an increased incidence of ROP during the 8-year study period (p = 0.003), but there was no significant increase in the frequency of treatment. There were significant differences between the seven health regions of Sweden, regarding both incidence of ROP and frequency of treatment (p < 0.001). Comparison of regional data before and after the new oxygen targets revealed a significant increase in treated ROP in one region [OR: 2.24 (CI: 1.11-4.49), p = 0.024] and a borderline increase in one other [OR: 3.08 (CI: 0.99-9.60), p = 0.052]. Conclusion: The Swedish national ROP register revealed an increased incidence of ROP during an 8-year period and significant regional differences regarding the incidence of ROP and frequency of treatment.
Introduction
Retinopathy of prematurity (ROP) is a potentially preventable cause of childhood blindness, and its incidence globally is increasing -mainly in middle-income countries (Blencowe et al. 2016) . Low GA at birth is a major risk factor on which most screening programmes are based. However, insufficient quality of neonatal care and especially control of oxygen supply are essential risk factors and in settings with poor care, screening of more mature infants is required to identify those who need treatment. Incidence of ROP and frequency of treatment for ROP in Sweden have been monitored over many years with the help of population-based studies and a national registry, SWEDROP (Holmstr€ om et al. 1993 (Holmstr€ om et al. , 2012 (Holmstr€ om et al. , 2015 (Holmstr€ om et al. , 2016 Larsson & Holmstr€ om 2002; Austeng et al. 2009 ). Based on these, inclusion criteria in the Swedish screening programme have been repeatedly adjusted, and since 2012 infants with GA <31 weeks are screened (Holmstr€ om et al. 1993 (Holmstr€ om et al. , 2016 Larsson & Holmstr€ om 2002) .
The optimal level of oxygen supply to preterm infants is still unknown. Excessive oxygen supplementation was early identified as a risk factor for ROP and restricted oxygen delivery reduced ROP but increased the rates of mortality (Avery 1960) and cerebral palsy (McDonald 1964) . Recently, a metaanalysis -the Neonatal Oxygen Prospective Meta-Analysis (NeOProM) (Saugstad & Aune 2014 ) -of five randomized controlled trials similarly designed, was performed, comparing the results of lower (85-89%) and higher (91-95%) pulse oxygen saturation (SpO 2 ) targets. With SpO2 targets below 90% fewer infants needed ROP treatment but mortality was increased (BOOST II United Kingdom, Australia, New Zealand Collaborative Groups 2013; BOOST-II Australia and United Kingdom Collaborative Group 2016). Based on these results, the SpO2 target range was gradually increased to 91-95% during 2014 and, with a few exceptions, implemented in Sweden in 2015.
The aim of this study was, using the Swedish ROP register data, to evaluate national and regional ROP frequency and treatment in Sweden over the last decade, as well as before and after the change in SpO2 target levels in 2014.
Materials and Methods
Sweden has seven geographical healthcare regions, each with one university/ regional hospital. Screening for ROP was undertaken in all hospitals with neonatal intensive care units, and treatment was performed at each of the seven university hospitals. Classification of ROP followed international recommendations (International Committee for the Classification of Retinopathy of Prematurity 2005) and the criteria for treatment followed the recommendations of the Early treatment of Retinopathy of Prematurity (ETROP) study (Early Treatment for Retinopathy of Prematurity Cooperative Group 2003). Mild ROP was defined as stages 1-2, and severe ROP as stages 3-5.
Guidelines for screening for ROP in Sweden were changed in July 2012 from including infants with a GA of <32 weeks to including only infants with a GA of <31 weeks at birth (Holmstr€ om et al. 2012) . For comparison of incidence of ROP and frequency of treatment over the years, only infants born with GA <31 weeks were included in the final study population. For calculation of national coverage of SWEDROP, comparison with the Swedish neonatal quality register (SNQ) was performed.
Each infant was classified according to region. Infants who had been moved between different hospitals were classified as belonging to the region where they had spent the majority of their time before a postmenstrual age (PMA) of 31 weeks, corresponding to the PMA Table 1 . Background data of the total study population of 5734 infants with a gestational age (GA) of when the first signs of ROP may be detected (Holmstr€ om et al. 2012) . The data on various aspects of screening and treatment for ROP were extracted from SWEDROP -a national web-based ROP register (Holmstr€ om et al. 2012) .
The study was performed according to the Declaration of Helsinki with approval by the ethics committee of the Faculty of Medicine, Uppsala University, Sweden.
Statistical analysis
The study population is presented descriptively, using mean and range for numerical variables and absolute and relative frequencies for categorical variables. The tables are stratified by year (Table 1 ) and by region (Table 2) . To analyse the change in GA and birthweight (BW) over the study period, linear regression models were used with year as a numeric variable. The changes in incidence of ROP, severe ROP and treated ROP over the study period were analysed using logistic regression models -one with year as the only independent factor, and one with adjustment for GA and BW. The same models were also applied within each of the seven regions. In addition, the same models were used to analyse the difference between the seven regions with respect to GA, BW (linear regression), ROP, severe ROP and treated ROP (logistic regression adjusted for GA and BW). During 2014, new routines regarding oxygen administration aiming to increase the level to 91-95% from previously 88-92% were implemented in most parts of Sweden. Therefore, an analysis was performed comparing the proportion of infants treated for ROP in 2015 (after the implementation) with the years before the change of oxygen routines (2008) (2009) (2010) (2011) (2012) (2013) , using a logistic regression model with the dummy variable pre-post, with GA and BW as independent variables. The analysis was performed for the total population, as well as for each region. The results are illustrated using Shewartcharts where the boundaries for no change are defined as mean AE 2 * standard deviation of the prechange yearly proportions. All reported results are the point estimates (odds ratio or mean) with 95% confidence intervals and nominal p-values. No adjustment Table 2 . Background data of the total study population of 5734 infants, divided by region, during the study period 2008-2015. for multiplicity has been performed, and the p-values should be considered as exploratory rather than confirmatory. All statistical tests were performed using R version 3.3.2 (open source).
Results
Altogether, 6891 infants had been screened for ROP and registered in SWEDROP between 1.1.2008 and 31.12.2015. During this study period, there were 1157 screened infants with a GA of 31 weeks or more, and 5734 infants with a GA ≤30 weeks -the latter constituting the final study population (Table 1) . Comparison with the SNQ register revealed another 40 infants with a GA <31 weeks (40/ 5774 = 0.7%), who had not been referred for ROP screening.
Among the screened infants, 54.6% (3132/5734) were boys.
Of the total study group, 31.9% (1829/5734) of the infants had ROP, and 5.7% (329/5734) had been treated for ROP. Background data regarding the stages and treatment of ROP, GA (w) and BW (g) during the 8-year study period are presented in Table 1 .
Linear regression analyses revealed significant reductions of GA and BW over time of the total study group [5734 infants; OR: À0.028 (CI: À0.051 to À0.004), p = 0.02/OR: À0.053, (CI: À0.093 to À0.014), p = 0.008, respectively]. For illustration of the proportion of GA over time of the total study cohort and of the treated infants, see Fig. 1A ,B.
A logistic regression analysis revealed a significantly increased incidence of ROP over the 8-year study period [OR: 1.04 (CI: 1.01-1.06) p = 0.003]. After adjustment for GA and BW, a borderline increase was still present [OR: 1.03 (CI: 1.00-1.06) p = 0.057]. There was no significant increase in the frequency of severe ROP or treated ROP.
Regional data of the study population were available for 5632 of the 5734 infants (98.2%). The number of infants screened for ROP in the seven healthcare regions (1-7), ranged between 158 and 1424 during the total study period (see Table 2 ).
Overall, the incidence of ROP and the frequency of treatment during the total study period differed between the different regions (p < 0.001). Region 3 had the highest frequency (8.6%), and Region 4 had the lowest total frequency (3.4%) of infants who had been treated for ROP.
There was no overall difference regarding GA and BW between the different regions. Region 2 was the only region with significantly reduced GA (p = 0.004) and BW (p = 0.001) over the 8-year period.
Logistic regression analyses regarding proportion of infants with ROP in the different regions, revealed an increased incidence in regions 2, 3 and 5, see Table 3 . After adjustment for GA and BW, the increased incidence remained significant only in regions 3 and 5.
Logistic regression analyses of the proportion of infants treated for ROP in the different regions revealed a significantly increased frequency of treated ROP in one region (Region 3), see Table 3 . After adjustment for GA and BW, this significance disappeared, while the proportion of treated infants was reduced in one region (6) and increased in another region (7) -the latter having only 13 treated infants during the total study period.
When analysing the proportion of infants treated for ROP during the year 2015, as compared to the years before the new oxygen routines (2008) (2009) (2010) (2011) (2012) (2013) , the proportion of infants treated for ROP after adjustment for GA and BW, had increased in two regions [Region 3 significantly, OR: 2.24 (CI: 1.11-4.49) p = 0.024, and Region 5 borderline, OR: 3.08 (CI: 0.99-9.60) p = 0.052]. Figure 2A ,B,C illustrate the number of treated infants nationwide during 2015, as compared to the previous study 
Discussion
The present study encompassing 8 years of infants screened for ROP in Sweden, reports a slightly increased national incidence of ROP during these years, but no significant increase in the frequency of treatment -even when adjusted for GA and BW. Analyses of regional data revealed differences in the country both for incidence of ROP and frequency of infants needing treatment. In accordance with previous reports from SWEDROP (Holmstr€ om et al. 2012 (Holmstr€ om et al. , 2015 (Holmstr€ om et al. , 2016 , the national coverage of the register is high and, in the present study, 99.3% of all prematurely born infants in the country with a GA of <31 weeks had been screened for ROP during the 8-year period, thus making the results reliable.
There were slight overall reductions of GA and BW during the study period. When looking at the GA at birth of the treated infants (Fig. 1B) , there was an increase of treated infants born in the earliest GA <24 w. In a previous Swedish study of extremely preterm infants born before 27 weeks gestation, a high incidence (73%) of ROP and a high frequency of treatment (20%) were reported (Austeng et al. 2009 ). With a continuous increase in the survival of the most immature infants, there is a risk of further increasing the incidence of ROP and the frequency of treatment for ROP throughout the country.
Guidelines for ROP screening in Sweden include all infants born before GA 31 weeks, and recommend that neonatologists also refer severely diseased infants above this age (Holmstr€ om et al. 2012) . In the present study, another 1157 infants with GA of more than 30 weeks had been referred for ROP screening. Only one of these infants had severe ROP and was treated for the ROP. This infant was born 2015 with GA 31 w, was extremely ill, had required high levels of oxygen and was therefore referred for ROP screening by the neonatologist. Such cases are difficult to predict, but emphasize the importance of encouraging neonatologists to refer very sick infants with long periods of high and/ or fluctuating levels of oxygen, for ROP screening.
Despite uniform neonatal care and ROP screening routines throughout the country, the present study revealed regional differences in the incidence of ROP and frequency of treatment during the study period. The incidence of ROP ranged from 16.7% (Region 4) to 47.5% (Region 7), and the frequency of treatment from 3.4% (Region 4) to 8.6% (Region 3). The results of Region 7, however, must be interpreted with caution because of the small number of infants.
The incidence of ROP increased over the years in three regions (Regions 2, 3, 5) and the frequency of treatment increased in one region (Region 3). After adjustment for GA and BW, however, increased incidence of ROP remained in only two of the regions (regions 3 and 5), while the increased frequency of treatment in Region 3 was no longer significant. These results accord with the EXPRESS Study, reporting on regional differences in screening for ROP within the study population, which included infants with a GA of <27 weeks born in SWEDEN during 2004 -2007 (Austeng et al. 2014 . That study reported reduced regional differences with increasing severity of ROP and suspected interobserver bias regarding milder stages of the ROP -a fact that was also discussed by Darlow et al. (2008) in a study on variations between centres in Australia and New Zealand. Differences in indication for treatment must also be considered (Slidsborg et al. 2012) . In Sweden, however, the ETROP recommendations for treatment were established already in 2003, before the EXPRESS study was initiated, and are continuously (Darlow et al. 2005) . In Sweden, new routines aimed at increased levels of oxygen from previously 88-92% to 91-95% were implemented in most parts of Sweden during 2014. Analyses of the proportion of infants treated for ROP in 2015 in the different healthcare regions, as compared to the years before the new oxygen routines (2008) (2009) (2010) (2011) (2012) (2013) revealed that the frequency of treatment for ROP had increased in two regions and nearly doubled in one region (Region 3). The frequency did not increase in one region (Region 6), which did not implement the new oxygen routines. Our finding accords with a recent study from Australia that reported increased incidence and severity of ROP after changing oxygen targets from 88-92% to 91-95% (Manley et al. 2016) . It may be speculated that the differences within Sweden can be explained by differences in monitoring of oxygen levels and compliance with saturation targets. This was, however, not investigated in the present study.
Conclusion
The present study revealed a slightly increased national incidence of ROP in Sweden over the 8-year study period, and regional differences with higher frequencies of infants with treated ROP in two regions. Changing oxygen target saturation limits may explain this finding. The impact of these factors on ROP development is investigated in an ongoing study.
